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(54) Light emitting device

(67)  Toprovide a light emitting device that can main-
tain a desired light emission even when the tube is bent.

The light emitting device of the present invention in-
cludes: a bendable tube extending in a first direction; a
flexible board extending in the first direction and housed
in the tube; and a plurality of light emitting elements
mounted on the flexible board, wherein the flexible board

Fig. 1

comprises a plurality of protrusions aligned in the first
direction on both sides in a second direction perpendic-
ular to the first direction, on which the light emitting ele-
ments are mounted, and the plurality of protrusions are
in contact with an inner wall of the tube such that the
inner wall clamps the flexible board in a bent position.
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Description

[0001] The presentinventionrelatesto abendable light
emitting device using a flexible board.

Description of Related Art

[0002] In recent years, proposals have been made to
provide bendable light emitting devices using a flexible
board (see paragraphs 0006, 0063, etc. of JP
2002-289004 A). Such bendable light emitting devices
can be used for illumination and neon signs.

[0003] The light emitting device disclosed in JP
2002-289004 A includes a plurality of LED units 3 that
are connected to lead wires (7A and 7B) and are inserted
in a silicone rubber tube. However, because the LED
units 3 are easily displaced with respect to the inner wall
of the tube, the light emitting faces of the LED units 3
point different directions when the light emitting device
is bent. As aresult, it has been difficult to maintain desired
light emission.

[0004] The present invention has been made in order
to solve the above-mentioned problem, and an object
thereof is to provide a light emitting device that can main-
tain desired light emission even when its tube is bent.
[0005] A light emitting device according to an embod-
iment includes: a bendable tube that is longer (or that
extends) in a first direction; a flexible board that is longer
(or that extends) in the first direction and is housed in the
tube; and a plurality of light emitting elements mounted
on the flexible board, wherein the flexible board includes
a plurality of protrusions aligned in the first direction on
both sides of a second direction perpendicular to the first
direction, on which the plurality of light emitting elements
are mounted, and wherein the plurality of protrusions are
in contact with an inner wall of the tube such that the
inner wall clamps the flexible board in a bent position.
[0006] With the present invention, itis possible to pro-
vide a light emitting device that can maintain desired light
emission even when its tube is bent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1is an exploded perspective view of a light emit-
ting device according to an embodiment of the
present invention.

Fig. 2 is an enlarged view illustrating the tip part of
a flexible board of Fig. 1.

Fig. 3 is a cross sectional view of the light emitting
device according to the embodiment of the present
invention along the transverse direction.

Fig. 4 is a circuit diagram of the light emitting device
according to the embodiment of the present inven-
tion.

Fig. 5A is a plan view illustrating another arrange-
ment of light emitting elements 10 of a light emitting
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device 100.

Fig. 5B is yet another arrangement of the light emit-
ting elements 10 of the light emitting device 100.
Fig. 6 is an enlarged plan view illustrating the tip part
of a flexible board 20 of a light emitting device 100A,
which is a variation of the light emitting device 100.
Fig. 7A is an enlarged plan view illustrating the tip
part of a flexible board 20 of a light emitting device
100B, which is a variation of the light emitting device
100. Fig. 7B is a cross sectional view of the light
emitting device 100B along the transverse direction.
Fig. 8 is an enlarged plan view illustrating a tip part
of a flexible board 20 of a light emitting device 100C,
which is a variation of the light emitting device 100B.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] A light emitting device 100 according to an em-
bodiment of the presentinvention will be described below
with reference to the accompanying drawings. The con-
figurations mentioned below are merely examples that
embody the technical idea of the present invention, and
the presentinvention is notintended to be limited thereto.
Further, the position, size and the like of the components
illustrated in the drawings may include some exaggera-
tion fordescriptive reasons. The same or analogous com-
ponents are basically denoted by the same names or
reference signs, and the descriptions thereof may be
omitted.

[0009] Fig. 1 is an exploded perspective view of the
light emitting device 100. Fig. 2 is an enlarged plan view
illustrating the tip part of a flexible board of Fig. 1, and
Fig. 3 is a cross sectional view of the light emitting device
100 along the transverse direction (or shorter direction).
Fig. 4 is a circuit diagram of the light emitting device 100.
In order to provide a better understanding of the arrange-
ment of the light emitting elements 10, Fig. 3, in a sec-
tional view, illustrates two light emitting elements 10 that
are not on the same cross section in reality.

[0010] As illustrated in these figures, the light emitting
100 includes: a bendable tube 50 that is longer (extends)
in afirst direction D1 (longitudinal direction, the inner wall
extends along the first direction D1); a flexible board 20
that is longer (extends) in the first direction D1 and is
housed in the tube 50; and a plurality of light emitting
elements 10 mounted on the flexible board 20. The flex-
ible board 20 includes a plurality of protrusions 30 (the
"protrusion 30" may be referred to a "wing portion 30")
aligned in the first direction on both sides in a second
direction D2 (transverse direction) perpendicular to the
first direction (on both ends in the transverse direction),
on which the light emitting elements 10 are mounted. The
protrusions 30 are clamped by the inner wall of the tube
50 such that the flexible board 20 is bent.

As used herein, the first direction D1 represents two di-
rections denoted by the arrows in Figs. 2, 6, 7A and 8
(right and left directions in Figs. 2, 6, 7A and 8), and the
second direction D2 represents two directions denoted
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by the arrows in Figs. 2, 6, 7A and 8 (up and down direc-
tions in Figs. 2, 6, 7A and 8).

[0011] In the light emitting device 100, the flexible
board 20 is clamped by the inner wall of the tube 50, (i.e.
the protrusions 30 are in contact with the inner wall of
the tube 50 such that the flexible board 20 is clamped by
the inner wall of the tube 50). This can prevent the light
emitting elements 10 from their light emitting faces point-
ing unintended directions when the tube 50 is bent, and
a desired light emission can be thus maintained. Further,
the flexible board 20 itself is bent in the second direction
(in more detail, as illustrated in Fig. 3, the flexible board
20is bentsuch thatthe end-to-end distance in the second
direction D2 gets narrower and the flexible board 20 gets
close to the inner wall of the tube 50 to form a bulge in
the direction approximately perpendicular to both of the
first direction D1 and the second direction D2), and the
light emitting elements 10 are placed on both sides in the
second direction D2. This enables the wide light distri-
bution. In the flexible board 20, each side in the second
direction D2 is provided with a plurality of the protrusions
30 (i.e. on each side of the second direction D2 of the
flexible board 20, two protrusions adjacent in the first
direction D1 are separated from each other). As a result,
the flexible board 20 does not interfere with bending de-
formation of the tube 50 even though it is housed in the
tube 50 in the bent position.

[0012] Furthermore, the light emitting elements 10 are
prevented from coming off from the flexible board 20
when the tube 50 is bent. That is, referring to Fig. 3, when
the tube 50 is bent such that the both ends thereof, which
are located in front of and behind the paper, are displaced
leftward or rightward (i.e. the tube 50 extending in the
first direction D1 is bent such that the both ends thereof
in the first direction D1 get close to each other), the tube
50 presses the light emitting elements 10 in the most
curved area of the light emitting device 100 (in the center
area of the tube 50 in the first direction D1). Then, if the
pressure of the tube 50 exceeds the allowable limit of the
light emitting elements 10, the light emitting elements 10
may come off from the flexible board 20. However, in the
light emitting device 100 of the present invention, be-
cause the light emitting elements 10 are mounted on the
protrusions 30, the protrusions 30 can be deformed to
relieve the force acting on the light emitting elements 10,
even if the tube 50 presses the light emitting elements
10 when the light emitting device 100 is bent. This can
prevent the light emitting elements 10 from coming off
from the flexible board 20.

[0013] Major components and the like of the light emit-
ting device 100 will be described below.

(Light Emitting Element 10)

[0014] Typically, LEDs (light emitting diodes) may be
used as the light emitting elements 10. LEDs may be
semiconductor chips themselves or packages of semi-
conductor chips with housings. The present embodiment
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employs surface-mount LEDs with packaged semicon-
ductor chips as the light emitting elements 10. The color
of the light emitting elements 10 may be suitably selected
from white, blue and the like according to applications.

(Flexible Board 20)

[0015] The flexible board 20 serves as a base for
mounting the light emitting elements 10 and the like, and
may be provided with a wiring pattern for driving the light
emitting elements 10 on the surface or the like (Figs. 1
through 3, Fig. 5A, Fig. 5B and Fig. 6 do not depict the
wiring, and Figs. 7A, 7B and 8 depict only either p-side
or n-side wiring, as mentioned in detail below). As illus-
trated in Fig. 2, the flexible board 20 is longer in the first
direction D1 (extends in the first direction D1), and in-
cludes the plurality of protrusions 30 aligned in the first
direction 10 on each side in the second direction D2 per-
pendicular to the first direction D1, on which the light emit-
ting elements 10 mounted. That is, in an exemplary em-
bodiment, as shown in Fig. 2, the flexible board 20 in-
cludes a set of a plurality of protrusions 30 that projects
in one of the second direction D2 (e.g. upward in Fig. 2)
from the center and another set of a plurality of protru-
sions 30 that projects in the other direction of the second
direction D2 (e.g. downward in Fig. 2) from the center.
The set of protrusions 30 projecting from the center in
one direction are aligned along the first direction D1. Sim-
ilarly, the set of protrusions 30 projecting from the center
in the other direction are aligned along the first direction.
Each of the protrusions 30 projecting from the center in
one direction is provided with at least one light emitting
element 10 mounted thereon. It is preferred that the light
emitting elements 10 placed on the set of protrusions 30
projecting from the center in one direction are aligned
along the first direction D1 as illustrated in Fig. 2. Simi-
larly, each of the protrusions 30 projecting from the center
in the direction is provided with at least one light emitting
element 10 mounted thereon. It is preferred that that the
lightemitting elements 10 placed on the set of protrusions
30 projecting from the center in the other direction are
aligned along the first direction D1 as illustrated in Fig. 2.
[0016] In an obtained example according to the em-
bodiment, the flexible board 20 was made of polyimide.
It is preferred that the overall width of the flexible board
20 in the second direction D2 is longer than the inner
diameter of the tube 50 so that the flexible board 20 is
housed in the tube 50 in a bent position. In the example,
the tube 50 has a diameter of 10 mm, and the flexible
board 20 has an overall width in the second direction of
14 mm. Further, in the example, the flexible board 20 has
an overall length in the first direction D1 of 1000 mm.
[0017] As illustrated in Fig. 2, the plurality of protru-
sions 30 aligned along the first direction are apart from
each other by cutouts 40. The cutouts 40 preferably ex-
tend in the second direction D2. When the tube 50 hous-
ing the flexible board 20 in a bent position is bent, this
can prevent the adjacent protrusions 30 from overlapping
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with each other, which results in smooth bending. The
cutouts 40 may be placed with a displacement in the first
direction D1 between one and the other sides in the sec-
ond direction D2 of the flexible board 20. That is, the
plurality of cutouts 40 are staggered between one and
the other sides in the second direction. This makes it
easier to bend the tube 50, and also prevents the flexible
board 20 from breakage caused by bending. That is, if
the cutouts 40 are positioned such that they are opposed
to each other between one and the other sides in the
second direction D2 of the flexible board 20, the stress
caused by bendingis concentrated in the narrowed areas
between the opposing cutouts of the flexible board, which
may result in breakage of the flexible board. In contrast,
with the above-mentioned configuration, the stress
caused by bending the light emitting device 100 is not
concentrated in any specific areas of the flexible board
20. As a result, the flexible board 20 is prevented from
breakage. Furthermore, if the cutouts 40 are opposed to
each other, the narrowed areas hinder heat dissipation,
which results in low heat dissipation property. However,
because the cutouts 40 are staggered so that such nar-
rowed areas are eliminated, the heat dissipation property
is not degraded.

[0018] It is preferred that the protrusions 30 have a
shape that allows deformation when the light emitting
elements 10 mounted on the protrusions 30 are pressed
by the tube 50. For example, such shapes include a rec-
tangular shape (in a plan view in the direction perpendic-
ular to both of the first direction D1 and the second di-
rection D2). If the protrusions 30 have a rectangular
shape, the corners of the protrusions 30 (i.e. distal tips
of the protrusions 30) are preferably chamfered as illus-
trated in Fig. 2. This makes it easier to insert the flexible
board 20 into the tube 50 without any damage to the inner
wall of the tube 50. Furthermore, since the corners of the
adjacent protrusions 30 do not come in contact with each
other when the tube 50 is bent, the tube 50 can be bent
more smoothly.

[0019] The bendability of the tube 50 depends on the
width of the protrusion 30 (the length in the first direction
D1), the width of the cutouts 40 (the length in the first
direction D1) and the depth of the cutouts 40 (the length
in the second direction D2). That is, while narrower width
of the protrusions 30 makes it easier to bend the light
emitting device 100, it also decreases the area for a pro-
viding a constant current circuit mentioned below, which
makes the circuit design difficult. On the contrary, wider
width of the protrusions 30 makes it more difficult to bend
the light emitting device 100. In consideration of this, the
width of the protrusions 30 is preferably 8 to 16 mm, more
preferably 10 to 14 mm. In the obtained example accord-
ing to the embodiment, the width of the protrusions 30
was14 mm. Further, too narrow width of the cutouts 40
(i.e. too close distance between adjacent protrusions 30)
may degrade the smoothness of bending since the ad-
jacent protrusions 30 may come in contact with each oth-
er when the light emitting device 100 is bent. On the con-
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trary, too wide width of the cutouts 40 may degrade the
heat dissipation property due to decreased areas for pro-
viding the protrusions 30. In consideration of this, the
width of the cutouts 40 is preferably 1 mm to 3 mm, more
preferably 1 mm to 2 mm. In the obtained example ac-
cording to this embodiment, the width of the cutouts 40
was 2 mm. Further, too shallow depth of the cutouts 40
deprives the protrusions 30 of flexibility, and the protru-
sions 30 therefore cannot relieve the pressure on the
light emitting elements 10 from the tube 50. On the con-
trary, while deeper cutouts 40 makes it easier to bend
the tube 50 which houses the flexible board 20 in a bent
position, too deep cutouts 40 makes it difficult to design
the constant current circuit. In order to obtain the advan-
tageous effects of the present invention without reducing
the productivity while taking the above consideration into
account, the depth of the cutouts 40 is preferably 5.7 mm
to 8 mm, more preferably 6.5 mm to 7 mm when the
overall width of the flexible board 20 is 14 mm in the
second direction of the flexible board 20. In the obtained
example according to this embodiment, the depth of the
cutouts 40 was 6.5 mm.

[0020] The bottoms of the cutouts 40 have a curved
surface asillustratedin Fig. 2. If the bottoms of the cutouts
40 have a sharp corner, a crack may be initiated at the
corner to result in breakage of the flexible board 20 when
the light emitting device 100 is bent. However, this con-
figuration can prevent occurrence of cracks.

[0021] In general, the flexible board 20 is made very
flexible so as to be bendable in any direction. However,
in the embodiment, it is preferred that the flexible board
20isrelatively hard (or elastic). Inthe light emitting device
100, since the flexible board 20 is clamped by the inner
wall of the tube 50 in a bent position as illustrated in Fig.
3, a certain level of hardness (or elasticity) is required to
be clamped by the inner wall of the tube 50. The hardness
of the flexible board 20 depends on the thickness thereof.
In ordertoimpart a certain level of hardness to the flexible
board 20, the thickness thereof may be preferably 40 um
to 160 wm, more preferably 60 pm to 140 pm, yet more
preferably 80 wm to 120 pm.

(Relationship between Light Emitting Elements 10 and
Flexible Board 20)

[0022] As illustrated in Fig. 2, the light emitting ele-
ments 10 are mounted on the flat surfaces of the protru-
sions 30. As used herein, the phrase "the light emitting
elements 10 are mounted on the protrusions 30" includes
that at least a part of a light emitting element 10 is in
connection with a protrusion 30 (i.e. at least a part of the
light emitting element 10 is positioned on the protrusion
30). It is preferred that the whole part of a light emitting
element 10 is in connection with a protrusion (i.e. the
whole part of the light emitting element 10 is positioned
on the protrusion 30).

[0023] Itis preferred that the light emitting elements 10
on one side in the second direction D2 of the flexible
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board 20 are placed with a displacement in the first di-
rection D1 (in the right or left direction in Fig. 2) from the
extension lines of the cutouts 40 on the other side in the
second direction D2. When the flexible board 20 is bent,
cutouts 40 are narrowed to largely deform the surround-
ing portions. Placing the light emitting elements 10 off
these portions can prevent the light emitting elements 10
from coming off.

[0024] As illustrated in Fig. 2, it is preferred that the
light emitting elements 10 are placed at positions dis-
placed in the first direction D1 from the centers of the
protrusions 30 in the first direction D1. This can reduce
the force acting on the light emitting elements 10 when
the tube 50 is bent, comparing to the case where the light
emitting elements 10 are mounted on the centers of the
protrusions 30 in the first direction D1. This is because
the when the light emitting elements 10 receive pressing
force, protrusions 30 are deformed more easily to relive
the force, if 10 the light emitting elements 10 are placed
at positions displaced in the first direction from the cent-
ers of the protrusions 30 in the first direction D1 than if
they are placed at the centers of the protrusions 30.
[0025] Itis preferred that the light emitting elements 10
are mounted on the proximal sides (near-center sides in
the second direction D2) of the protrusions 30. This is
because if the light emitting elements 10 are mounted on
the distal sides (near-end sides in the second direction
D2) of the protrusions 30, the light emitting directions of
the light emitting elements 10 largely differ between one
and the other sides in the second direction D2, which
tends to result in uneven brightness.

[0026] As illustrated in Fig. 2, the light emitting ele-
ments 10 are staggered in the first direction D1 between
one and the other sides in the second direction D2 of the
flexible board 20. In this case, a wider distance is ob-
tained between the light emitting elements, comparing
to the case where they are not staggered in the first di-
rection D1 (i.e. the light emitting elements 10 on one side
in the second direction D2 are aligned with the respective
light emitting elements 10 on the other side along the
second direction D2). As a result, heat generated by the
light emitting elements 10 can be effectively dissipated
to the areas between the light emitting elements.
[0027] As illustrated in Fig. 2, the flexible board 20 in-
cludes connection members 20a-1 to be connected to a
cable 80 in the vicinity of its end in the first direction. The
cable 80 and the connection members 20a-1 may be
connected by solder or the like. In the embodiment, a
pair of plus and minus connection members 20a-1 is pro-
vided on each end part of the flexible board 20 in the first
direction. Furthermore, the flexible board 20 may be pro-
vided with the constant current circuit composed of an
electronic component 60 such as transistor, and the like
(inFig. 2, reference sign 60 refers to one of the electronic
components of the constant current circuit for descriptive
reasons).

[0028] Fig. 4 illustrates a diagram of a circuit provided
on the flexible board 20. As illustrated in Fig. 4, a pair of
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plus (p) and minus (n) connection members 20a-1 is pro-
vided at each end of the flexible board 20 of the light
emitting device 100, and two pairs of connection mem-
bers 20a-1 are further provided in proximity to each other
in the center part. That is, the flexible board 20 of Fig. 4
is composed of two units each including 21 pieces of light
emitting elements 10, and can be cut at a predetermined
position (e.g. the "cutting line B" of Fig. 4) between two
pairs of connection members 20a-1 provided in the cent-
er part. By connecting the cable 80 to the connection
members 20a-1 beside the cutting line B, each divided
unit can electrify its own light emitting elements 10 and
the like. By cutting the flexible board 20 by unit basis to
shorten the length and also cutting the tube 50 accord-
ingly, a user can arbitrarily adjust the length of the light
emitting device 100. This configuration offers high ver-
satility of the light emitting device.

In Fig. 4, the constant current circuit is denoted by refer-
ence sign 90.

[0029] Fig. 5A is a plan view illustrating another ar-
rangement of the light emitting elements 10 of the light
emitting device 100, and Fig. 5B is a plan view illustrating
yet another arrangement of the light emitting elements
10 of the light emitting device 100.

Each of Figs. 5A and 5B illustrates a part of the flexible
board 20 of Fig. 2. Accordingly, although not shown in
figures, the lateral direction and the vertical direction of
Figs. 5A and 5B respectively correspond to the first di-
rection D1 and the second direction D2.

[0030] Inthe embodiment illustrated in Fig. 2, the light
emitting elements 10 are arranged in two rows along the
longitudinal direction (first direction D1) of the flexible
board 20. Further, each protrusion 30 is provided with
one light emitting element 10.

However, the present invention is not limited to this con-
figuration, and the light emitting elements 10 may be ar-
ranged in a different number of rows besides two, and
each protrusion is provided with two or more elements.
In the embodiments of Figs. 5A and 5B, the light emitting
elements 10 are arranged in four rows along the longitu-
dinal direction (first direction D1) of the flexible board 20.
Further, each protrusion 30 is provided with two light emit-
ting elements 10.

[0031] Inthe embodiment of Fig. 5A, the light emitting
elements 10 on the proximal row on one side in the sec-
ond direction and the light emitting elements 10 on the
distal row on the other side (i.e. on the second and fourth
rows counting from the top in the figure) are arranged at
the same positions with respect to the longitudinal direc-
tion (first direction D1). Similarly, the light emitting ele-
ments 10 on the distal row on one side in the second
direction and the light emitting elements 10 on the prox-
imal row on the other side (i.e. the first and third rows
counting from the top in the figure) are arranged at the
same positions with respect to the longitudinal direction
(first direction D1).

In contrast, in the embodiment of Fig. 5B, the light emit-
ting elements 10 on the two rows that are proximal in the
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second direction (i.e. the second and third rows counting
from the top in the figure) are arranged at the same po-
sitions with respect to the longitudinal direction (first di-
rection D1). Similarly, the light emitting elements 10 on
the two rows that are distal in the second direction (i.e.
thefirstand fourth rows counting from the top in the figure)
are arranged at the same positions with respect to the
longitudinal direction (first direction D1).

In the embodiments of Figs. 5A and 5B, it is preferred
that the light emitting elements 10 are not positioned on
the extension lines of the cutouts 40 in the second direc-
tion D2 (e.g. the dashed line A).

(Tube 50)

[0032] The tube 50 has a hollow cylindrical (tubular)
shape that is longer in the first direction D1, and is bend-
able. The material thereof may be flexible material such
as silicone resin. The tube 50 may be made of either
transparent or colored material. For example, if the light
emitting device 100 is used as a neon tube, the tube 50
may be colored in the same color as the emission light
of the light emitting elements 10. With this configuration,
the light emitting device 100 look the same color between
during daytime when the light emitting elements 10 are
off and during night when the light emitting elements 10
are on. In order to prevent that the appearance has bright
spots only at the mount positions of the light emitting
elements 10, a light diffusing agent may be added to the
tube 50.

[0033] Itispreferredthatthe flexible board 20is housed
in the tube 50 in such a bent position that the center
thereof is located at an upper position than the both ends
as illustrated in Fig. 3 (i.e. the light emitting elements 10
mounted on the flexible board 20 faces away from each
other). This enables wide light distribution. Here, the
bending angle at the center of the flexible board 20 (angle
0 in Fig. 3) may be suitably set so as to reduce uneven
brightness. Inthe obtained example according to this em-
bodiment, the angle 6 was 120°.

[0034] Theflexible board 20is curved so astoincrease
the contact area between the distal areas of the protru-
sions 30 and the inner wall of the tube 50, and is clamped
by the tube 50 by the action of the resilience of the pro-
trusions 30. With this configuration, the flexible board 20
is easily clamped by the inner wall of the tube 50 without
using an adhesive material. Further, it is preferred that
the light emitting elements 10 are in contact with the inner
wall of the tube 50. This increases the contact area with
the tube 50, and thereby prevents the flexible board 20
frombeingdisplaced inthe tube 50 when the light emitting
device 100 is bent.

Meanwhile, in the light emitting device 100, the flexible
board 20 is not fixed on the inner wall of the tube 50.
Therefore, when the light emitting device 100 is bent (i.e.
the tube 50 is bent), the flexible board 20 can slide to
some extent. As a result, the flexible board 20 can be
prevented from being displaced from the original orien-
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tation, even when the tube 50 is bent.

[0035] In the embodiment of Fig. 3, the light emitting
elements 10 abut the inner wall of the tube 50, but the
center part of the flexible board 20 (as used herein, the
center part means the center partin the second direction
D2 in Fig. 2) does not abut the inner wall of the tube 50.
However, the present invention is not limited thereto. For
example, the light emitting elements 10 and the center
part of the flexible board 20 may both abut the inner wall
of the tube 50.

Further, in the light emitting device 100, the protrusions
30 of the flexible board 20 abut the inner wall of the tube
50 with the surfaces where the light emitting elements
10 are mounted as illustrated in Fig. 3. That is, the sur-
faces (a part of the surfaces), i.e. portions having larger
area, abut the inner wall of the tube 50. As a result, the
inner wall of the tube 50 can clamp the flexible board 20
more firmly.

(Caps 70, and Cables 80)

[0036] AsillustratedinFig. 1, caps 70 may be provided
on each end of the tube 50. While the tube 50 is typically
open at both ends, closing the ends with the caps 70 can
make the tube waterproof. As a result, the light emitting
device canbe usedoutdoors. The caps 70 are penetrated
by cables 80 that supply the light emitting elements 10
and electronic component 60 with electric power. The
ends of the cables 80 are connected to the connection
members 20a-1 provided on the flexible board 20. In the
embodiment, each pair of cables corresponds to one pair
of plus and minus connection members 20a-1, and pen-
etrates one cap.

(Variation 1)

[0037] Fig. 6 is an enlarged plan view illustrating the
tip part of a flexible board 20 of a light emitting device
100A, which is a variation of the light emitting device 100.
Unless otherwise noted, the components illustrated in
Fig. 6 may have the same configuration with the corre-
sponding components illustrated in Fig. 2.

In the embodiment of Fig. 6, the flexible board 20 includes
slits 42 along the first direction D1 positioned at the center
part in the second direction D2. This makes it easier to
bend the flexible board 20, and thus makes it easier to
insert it into the tube 50.

[0038] Itis preferred that each slit 42 is positioned be-
tween the extension line of a cutout 40 on one side in the
second direction D2 and the extension line of an adjacent
cutout 40 on the other side in the second direction (e.g.
between the two extension lines A in Fig. 6). This makes
it easier to build the wiring on the flexible board 20 to
establish conduction as well as to bend the flexible board
20.
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(Variation 2)

[0039] Fig. 7A is an enlarged plan view illustrating the
tip part of a flexible board 20 of a light emitting device
100B, which is another variation of the light emitting de-
vice 100. Fig. 7B is a cross sectional view of the light
emitting device 100B along the transverse direction. In
order to provide a better understanding of the arrange-
ment of light emitting elements 10, Fig. 7B, in a cross
sectional view, illustrates two light emitting elements 10
that are not on the same cross section in reality.
Unless otherwise noted, the components illustrated in
Fig. 7A may have the same configuration with the corre-
sponding components illustrated in Fig. 2.

[0040] Inthe embodimentof Figs. 7A and 7B, the width
(length in the second direction D2) of a wiring 22 formed
on the flexible board 20 is as same as or wider than the
size of light emitting elements 10 in the second direction
D2.

This allows the whole part (or most part) of the light emit-
ting elements 10 to be positioned on the wiring 22. The
wiring 22 is made of metal film such as copper for exam-
ple, and has high heat conductivity. This makes it easier
to diffuse heat of the light emitting elements 10.

[0041] The wiring 22 serves as one of plus (p) wiring
and minus (n) wiring. Although not shown in Figs. 7A and
7B, the other one of plus (p) wiring and minus (n) wiring
normally has narrower width than the wiring 22, and is
provided on the flexible board 20.

The wiring 22 may be coated with a protective layer made
of resin or the like except for the areas on which the light
emitting elements 10 are mounted. The protective layer
can prevent short-circuit or the like. A preferred example
of the protective layer is composed of an adhesive layer
to stick to the wiring layer 22, a cover layer made of a
polyimide resin and a coating layer containing a white
pigment or the like, in the order from the side facing the
wiring 22.

(Variation 3)

[0042] Fig. 8 is an enlarged plan view illustrating the
tip part of a flexible board 20 of a light emitting device
100C, which is a variation of the light emitting device
100B.

The light emitting device 100C may have the same con-
figuration with the light emitting device 100B except that
the length of the flexible board 20 in the second direction
D2 (in particular the length of protrusions 30 in the second
direction D2) is longer than that of the light emitting device
100B.

In the light emitting device 100C, the longer length of the
protrusions 30 in the second direction D2 can create larg-
er areas in the distal parts in the second direction D2
where the light emitting elements 10 are not mounted.
The protrusions 30 can therefore be in contact with the
inner wall of the tube 50 with larger areas. As a result,
the inner wall of the tube 50 can clamp the flexible board
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20 more firmly.

When the overall width of the flexible board 20 in the
second direction D2 is 28 mm, the preferred length of the
protrusions 30 in the second direction D2 is 13 mm to 14
mm.

Claims
1. A light emitting device, comprising:

a bendable tube extending in a first direction;
a flexible board extending in the first direction
and housed in the tube; and

a plurality of light emitting elements mounted on
the flexible board,

the flexible board comprising a plurality of pro-
trusions aligned in the first direction on both
sides in a second direction perpendicular to the
first direction,

the light emitting elements are mounted on the
plurality of protrusions,

the plurality of protrusions being in contact with
an inner wall of the tube such that the inner wall
clamps the flexible board in a bent position.

2. The light emitting device according to claim 1,
wherein the plurality of protrusions aligned in the first
direction are separated by cutouts, and
the light emitting elements mounted on one side in
the second direction of the flexible board are not on
extension lines of the cutouts on the other side.

3. The light emitting device according to claim 1 or 2,
wherein the light emitting elements are mounted at
positions off the centers of the protrusions in the first
direction.

4. The light emitting device according to claim 2 or 3,
wherein the cutouts are staggered between one and
the other sides in the second direction of the flexible
board.

5. The light emitting device according to any one of
claims 1 to 4, wherein the light emitting elements are
staggered between one and the other sides in the
second direction of the flexible board.

6. The light emitting device according to any one of
claims 1 to 5, wherein the light emitting elements are
in contact with the inner wall of the tube.

7. The light emitting device according to any one of
claims 2 to 6, wherein the bottoms of the cutouts
have a curved surface.

8. The light emitting device according to any one of
claims 1 to 7, wherein corners of the protrusions are
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chamfered.

The light emitting device according to any one of
claims 1 to 8, wherein the tube is colored with a same
color as emission light of the light emitting elements.

The light emitting device according to any one of
claims 1 to 9, wherein the light emitting device is
configured to be functional even when the flexible
board is cut at a middle part.
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 6 D2
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D2

Fig. 8
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